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Abstract—The paper addresses the challenges of training modern engineers in mathematical disciplines. It emphasizes
the need for graduates to possess theoretical knowledge and be capable of using modern software solutions for efficient
mathematical calculations. The article discusses the importance of incorporating mathematical software into higher educa-
tion to enhance the teaching of mathematical disciplines. Explores the potential benefits and challenges of using mathemat-
ical software in the learning process, such as the need for coordination among teachers and the importance of familiarizing
students with the interfaces of mathematical packages. The paper recommends using specific mathematical software pack-
ages, such as Scilab, for scientific and engineering calculations. It also highlights the necessity of guiding students in under-
standing the practical applications of mathematical software in solving complex mathematical problems. Furthermore,
the paper addresses the issue of preventing students from inappropriately using online calculators for tasks, emphasizing
the importance of mastering theoretical foundations before utilizing mathematical software packages. The paper generally
advocates for a balanced approach that incorporates both traditional theoretical exposition and practical application of
mathematical programs in higher education to promote effective teaching and learning of mathematical disciplines.

Keywords — educational technology; hybrid learning; electronic learning; engineering education; electrical engineering;
calculus; mathematical programming.

| INTRODUCTION a combination of traditional theoretical exposition of
the material with demonstrations and practical applica-
tion of mathematical programs; in turn, control
measures should be focused not on conducting standard
calculations, but on analyzing the chosen method and
understanding its features.

Training modern engineers in mathematical disci-
plines is becoming an increasingly difficult task [1].
The requirements for graduates of higher education in-
stitutions [2] lie not only in the level of knowledge of ex-
isting theoretical methods and the use of specific formu-
las — but also in the ability to analyze the tasks, choose Professional mathematical packages are usually
the necessary calculation method, and... not calculate understood as programs (program packages) that per-
the data with the help of a calculator or spreadsheets, ~form various numerical and analytical (symbolic) mathe-

but use modern software So|utions to Obtain the fastest maﬁcal Ca|Cu|at'i0nS, from Simp|e arithmetic Ca|Cu|al'i0nS
possible result. [3] to solving partial differential equations, optimization

problems, testing statistical hypotheses, etc. In a slightly
expanded sense, such packages usually have the follow-
ing functions:

Of course, the numerical calculation can only be done
correctly with an understanding of the theory. But do we
correctly build a training program using only "pen and
paper," limiting ourselves to analytical transformations? e editing mathematical texts;
Should the learning process be focused on testing
the student's ability to perform standard mathematical
procedures on paper?

e construction of graphs of functions, images of
geometric objects, sets, construction and
manipulation of graphs, reproduction of

Such questions cause and will cause much contro- dependence (signal), the graph of which is
versy. We do not try to provide a universal solution but specified by an analytical function or a set of
offer to consider one of the possible models: points, import and export of graphics and

sound;
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e execution of symbolic transformations and cor-
responding calculations;

e implementation of numerical and numerical
analytical methods.

It is clear that when students apply the methods
learned in the course of higher mathematics, all these
functions can be used with high efficiency, but the prac-
tical use of these functions is associated with several
problems; the analysis of some of them is devoted to this
work.

1. SELECTION OF SPECIALIZED SOFTWARE FOR
TEACHING HIGHER MATHEMATICS

Firstly, in our opinion, given the current level of
development of graphic tools, on the one hand, and
the level of knowledge and skills of students acquired
from a school geometry course, on the other hand,
the use of additional software packages such as GeoGe-
bra in the educational process is indispensable. It should
be noted here that the course of higher mathematics, in
this sense, is only forced to follow the example of
the course of applied geometry, which in most cases
known to us now contains computer graphics instead of
traditional engineering graphics. The capabilities of
the software packages mentioned above allow, among
other things, viewing spatial geometric images from dif-
ferent angles and analyzing their sections. At the same
time, for example, when constructing graphs of func-
tions, the vast majority of existing packages do not con-
tain the function of a detailed demonstration of a com-
plete study of functions, the scheme of which is a funda-
mental element of the course of mathematical analysis,
as a result of which the students' understanding of
the validity of the form of the graph is lost.

Secondly, as evidenced by, for example, the study [4],
the use of mathematical packages is effective when con-
sidering "mass" tasks in practical classes, such as finding
limits, calculating derivatives, integrals, etc. In these
cases, under proper guidance from teachers, students
have the opportunity and must even use such software
tools as a simulator, which allows them to learn the fol-
lowing:

e classify the type of specific task (limit, deriva-
tive, integral, etc.);

e learn the procedure for its implementation;

e to learn to adhere to a certain standard of
design solutions to such problems.

With such an approach to the educational process, it
is necessary to have software tools that ensure the "gen-
eration" of a sufficient number of tasks for students.

When students study mathematics courses, it is
essential to refer to the relevant functions of the mathe-
matical package chosen for use in studying each topic, if

possible, a detailed explanation of the fundamental dif-
ference between the formal mathematical approach and
the implementation of mathematical methods in practi-
cal tasks.

The most common include packages such as Maple,
MathCAD, MATLAB, Scilab, Wolfram and others [5], [6].
Such packages differ in the interface, capabilities, plat-
forms (available for use by operating systems), and, most
importantly, their distribution freely or through a paid
license. Accordingly, the first problem that arises when
using them in the educational process is the choice of
a specific package, which requires coordination of
the positions of all "internal consumers" — teachers of
mathematics, programming, general engineering, and
special disciplines, probably deciding on the use of a spe-
cific such package on levels of the higher methodological
council, or at least the methodological commission of
each faculty (institute), which is its structural subdivision.

As a possible software package, Scilab version
2024.0.0 was chosen. This mathematical package is free,
can be used without legal problems, and provides exten-
sive possibilities for scientific and engineering calcula-
tions.

The second problem, in our opinion, is the distribu-
tion of functions between the aforementioned "consum-
ers." The fact is that when students study computer sci-
ence (programming) courses, their opportunities to
familiarize themselves with such packages are usually
minimal. To an even greater extent, this applies to math-
ematics courses themselves. At the same time, even
the presence of a course (not at all mandatory!), which
can be conventionally called, for example, "Introduction
to Computational Mathematics," usually does not solve
the problem of students' timely and conscious mastering
of the applications of mathematical packages! The fact is
that considering the curricula, such a course is usually
taught somewhat late and turns out to be overloaded.
According to the authors, a way out of such a situation is
possible only if the teachers' actions in the three courses
above are maximally coordinated. For example, the com-
puter science course program must include familiariza-
tion with the interfaces of mathematical packages,
teaching students how to edit mathematical texts, and
entering data in numerical and symbolic forms when
using specific programs. Accordingly, in higher mathe-
matics, there is an opportunity, based on the knowledge
and skills acquired by students, to illustrate the study of
each course topic with examples of software tools.

Let us turn, for example, to the course of analytical
geometry (or the corresponding sections in the course of
higher mathematics). One of its main elements is
the theory of matrices, which is considered from
the point of view of the algebra of such objects. Students'
thorough understanding of mathematical calculations
with matrices and tensors is the basis for further mastery
of specialty 171 Electronics. In addition, it is
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a fundamental element for working with systems of lin-
ear algebraic equations (SLAE).

When studying systems of linear algebraic equations,
in our opinion, it is necessary to draw students' attention
to the dependence of the number of arithmetic opera-
tions required by each of the standard methods of solv-
ing SLAE on the number of its equations, which makes
their "manual" implementation impossible with enough
large dimensions of systems, it is also advantageous to
demonstrate the effect of the accumulation of computa-
tional error, which leads to the appearance of a signifi-
cant discrepancy — the difference between the left and
right parts of the equations of the system obtained as
a result of its solution. In this way, the practical necessity
of using iterative methods in this case is substantiated,
i.e., replacing exact methods with approximate ones! Of
course, it is handy to familiarize students with specific
algorithms for solving "sparse" systems, which are most
often found in practical applications.

The Scilab 2024.0.0 software package offers a huge
number of ready-made solutions for such calculations,
but we will list only a small number of them [7], [8]:

e carrying out calculations using methods of
numerical algebra;

e built-in libraries for solving algebraic equations;

e possibility of obtaining numerical solutions of
differential and integral equations;

e presentation of functions in various coordinate
systems, both two-dimensional and three-
dimensional;

e optimization of mathematical functions and
much more.

1. EXAMPLES OF USING SCILAB IN THE EDUCA-
TIONAL PROCESS

Let's consider several traditional problems that stu-
dents of the Electronics 171 specialty should be able to
solve while fully understanding the meaning of their
actions and their consequences.

A. Work with matrices

We are determining the determinant and rank of
a matrix. Let's generate a random matrix of size 6*6,
which consists of 2 significant numbers. For example, we
deliberately chose the matrix size of 3*3, which is not tra-
ditional for lectures, since this limitation is caused by
the complexity of calculations on the board.

29, no. 2 314217.3
——> A = round(l00%rand(6,6))
A =
4 T8. 84 -1 39, 2e
48 21. 41 59 az. 50.
26 11. 41 =] 95 2e.
41 6s BE. ] 34 53.
28. 15 11. 50 38 54.
13. TO0. 20. 35. T3. 1z2.

Now consider the result of calculating the determi-
nant of such a matrix:

——> det (&)
ans =

1.740D+10

--> |

The result is provided to students immediately. You
can discuss its content and dimensions. You can immedi-
ately show students what the presence of linear depend-
encies in rows or columns leads to.

-—> B = [B(l:4,:); 6*A(4,:): BI(6,:)]
3 =
4. T8. 84. 13 39 26.
43 21. a1 59 9z, 50.
26 11. 41 &9 CEN 26
41 &g 2z za. 34, 53
246 414 528 534. 204. 318
13 70 20 35 73 12
——> det(B)
ans =
0.0000125
——> C = [&(:,1:4) &*A(:,3) A(:,6)]
C =
4 8. Z4. S& 504 26
45 21. 4l1. 59. 246 50.
26 11.  41. £9. 26.
41 &9 28 1] 28 53.
28. 1% 11 50 6. 54
13. 70. 20. 35. 120. 1z
——> det(C)
ans =
0.0000124
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The results should indicate to students the need to
consider machine errors during calculations. A serious
problem here is that many users of mathematical pro-
grams trust the obtained results unconditionally without

——> [=xA, dimA] = range(&,l)
xB =

-0.4226498 -0.442818% -0.4100097

checking their compliance with the conditions of
the issues that were solved with their help.

Let's look at the results of calculating the ranks of
the matrices:

-0.5239288 -0.2691015 -0.3320447

0.5628471 -0.4624363 -0.4643555 0.435454 -0.2451389% -0.0210854
-0.2162569 0.093634 -0.103033 0.4516329 0.3968023 -0.756588

0.2486887 -0.0075%71 0.59445 -0.0485344 -0.5857482 -0.489%1512
-0.072691% 0.7247171 -0.4667224 0.0858097 -0.4931462 -0.033388

0.8250385 0.23665942 -0.18550¢& -0.5644531 0.3517743 -0.276573
dimfh =

6.

——> [xB, dimB] = range (B, 1)
XB =
-0.1273342 -0.11264%7 -0,1012755 -0.1le0561 -0.9633658 -0.0835814
0.0159027 -0.6145075 -0.64756595 0.0282086 0.169251e -0.4163408
—-0.5992934 0.297854¢6 0.184787 0.0141007 0.084604 :
-0.605134%9 0.2734671 -0.5874157 0.0106689 0.0640135 0.4825509
0.50812e2 0.6679738 -0.462914% -0.0117823 -0.070694 -0.2760291
-1.803D-16 1.315D-1e -3.003D-1& 0.9863539 -0.1643%99 -7.895D-18
dimB =
3
——> [®C, dimC] = range(C,1)
- =
-0.60526468 -0.3064416 -0.3024982 -0.6435542 -0.0858072 -0.1578044
0.5183411 -0.4621%81 -0.2660884 -0.0331191 -0.6664298 -0.040827&
-0.048426 0.1576€45 0.3229387 0.0731487 -0.224355 -0.9015&7
-0.1883143 -0.31e7E871 0.8274113 -0.09676%1 -0.2713565 0.3107662
0.3863269 -0.5529538 0.1542%68 -0.2100286 0.6475343 -0.2403613
-0.4218075 -0.5113872 -0.1580721 0,.72519%& 0.0584997 -0.07%1112
dimC =
5.

Students visually receive quick information about
the orthogonal matrix and the rank of the original matrix.
In this way, it is possible to significantly reduce the time
for routine calculations during practical classes, to allow
students to explore various variations of matrices, and to
emphasize the analysis of the obtained results. It is
a thorough analysis that will show the student's under-
standing of the material, not the performance of stand-
ard calculations (often passed down "by inheritance"
from senior to junior courses).

B. Study of functions

Similarly, it is handy to demonstrate the problems
that arise, for example, when solving extremum prob-
lems that require finding solutions to non-trivial equa-
tions and their systems.

Consider an example of using Scilab to find the extre-
X +3xT-2x-2

VX2 =2

mum of a function The list of

relevant teams will be as follows (the language of
the comments is aimed at students of Ukrainian higher
education institutions):

function [y, g, ind] = myfun(x, ind

¥-=-{x*3 + 3'x*2 - 2%k - -2)/sgrt{x*2 --2); function

g-=- {2%x*4 + 3¥x"3 - G2 - Yo+ 4) S (2 - - 2)+{372) 5 gradient
endfunction

x0 =

[fopt, xopt]

ng (%opt) 1)

string{fopt)]);:

The results of the script execution give the result for
the argument — 1.67 (Fig. 1) and for the function — 8.65
(Fig. 2). You can view the behavior of the function under
investigation at a given interval in the form of a graph and
make sure that the obtained result is correct:
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T T T T
128 13 135 14 145 15 155

As you can see, the student will not only be able to
quickly get the result of the calculations but also visually
confirm the correctness of the answer found. It should
also be noted that the student will practice the functions
defined by the differential. This action is necessary for
the correct functioning of the optim command. However,
it can be replaced by a numerical search for

—

the differential of the function at the following stages of
mastering the theoretical material.

C. Features of integral and differential calculus

Turning to the teaching of integral calculus, we note
that explaining to students that only a few classes of even
elementary functions are integrable in the traditional
sense is fundamentally essential. That is, they allow
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writing out their primitives in terms of elementary func-
tions again. And this, in turn, makes it impossible to use
the Newton-Leibnitz formula! Again, such an explanation
allows students to understand the relevance of quadra-
ture formulas and, later - the corresponding numerical
analytical methods. Of course, the list of emphases when
studying different sections of the higher mathematics
course can be very diverse depending on the direction of
student training, but very significant from the point of
view of mastering the use of mathematical packages is
the mandatory reference to the possibility (or rather,
the necessity!) of their use in the practical application of
mathematical methods in each case.

V. ETHICAL ISSUES

The third problem well known to every mathematics
teacher, and not only that, is the need to fight against
students' unauthorized use of mathematical packages as
online calculators when completing tasks for independ-
ent work and, especially when they pass control
measures. It should be noted that in such cases, there is
not only the evasion of students from the normal learn-
ing process (acquiring appropriate knowledge, skills, and
abilities) and a flagrant violation of the principles of aca-
demic integrity but also the creation of the illusion that
they are acquiring skills and abilities to master the possi-
bilities of using mathematical packages, which is impos-
sible without thorough mastering of the mathematics
course! Usually, the following measures are used to avoid
this kind of excesses:

e carrying out explanatory work with students,
aimed at explaining to them the consequences
mentioned above of the use of mathematical
packages not agreed with the teachers of math-
ematics;

e mandatory interviews ("defenses") when stu-
dents perform independent tasks - homework,
typical calculations, calculation, and graphic

works, control of the works as mentioned ear-
lier regarding the presence of specific signs of
the use of online calculators well known to
teachers: absence of intermediate transfor-
mations, non-standard markings, etc.;

e if possible, conducting control events only
offline, with appropriate monitoring of stu-
dents' work;

e in the case of conducting control measures
online, by selecting the tasks offered to stu-
dents to perform, try to avoid the possibility of
using online calculators.

CONCLUSION

Only after students have mastered the theoretical
foundations of basic calculations and understand
the content of transformations possible for a specific task
can we see the possibility of wide application of
the mathematical software package. The authors know
that teaching requirements are pretty challenging to
implement in the conditions of a certain number of
higher mathematics disciplines. Therefore, we suggest
supplementing the standard training plans with addi-
tional short-term video materials on using Scilab for rel-
evant lecture topics.

Finally, the last (in order of consideration, but not in
order of importance!) of the topical problems of this
topic is a set of issues related to the "directly didactic"
use of mathematical packages, that is, their use by stu-
dents not instead of traditional methods of acquiring
knowledge, skills, and abilities, and in the process of ob-
taining the latter. It should be noted that the Scilab men-
tioned above package cannot act as a "didactic tool"
since it is not an aid. Mastering it is one of the goals of
the educational process. Moreover, it does not include
the possibilities of symbolic transformations in its func-
tionality, which, in our view, is necessary for use in prac-
tical classes with students.
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AHoTauia—Y cratTi 06roBopoIOTbCA NPo6AEMU NiAFOTOBKM CYYaCHUX iHXKEHepiB 3 MaTeMaTUYHUX AUCLMNAIH, Haronowy-
€TbCA Ha HeobXigHOCTI 6aNaHCy MiXK TEOPETUYHMMM 3HAHHAMM Ta NPAKTUYHMM 3aCTOCYBaHHAM 32 AOMNOMOroI0 NPOrpamHuUX
3aco6iB. PO3rnAHYTO BUKOPUCTAHHA NpodeciiHUX MmaTeMaTUYHUX NaKeTiB, Takux AK Scilab, y BUKNagaHHi BULLOT maTemaTuKm,
OCKiNIbKN BOHU HafaloTb HEO6XiAHI iIHCTPyMeHTU AnA Bi3yanisauii Ta po3yMiHHA CKAAAHMX MaTeMATUYHUX KOHUenUii. Y cTaTTi
TaKoXK 06roBoploeTbcA BUKOpUCTaHHA Scilab y po3s’asaHHi TpaguuiiHux 3aaau 3i cneuianbHocTi 171 EneKTpPoHiKa, TakMX AK
po6oTta 3 maTpuuAMM Ta aHani3 BnactusocTeid QyHKUiN. MigKpecntoeTbca HeobXigHICTb PO3YMIHHA CTyAEHTaMU OCHOBHMX
MaTemMaTUYHUX NPUHLMNIB.

Po3rnapatoTbCcA TaKi €TUYHI MUTAHHA, IK MOXK/IUBICTb aKaAeMiuHOi HeYeCHOCTI Ta XUMBHe BiguyTTA HAbyTTA HAaBUUYOK, Koiu
CTYAEHTU BUKOPUCTOBYIOTb MAaTEMATUUYHI NAKETU IK OHNAMH-KaNbKynATOpPU. AnA NoM’AKLWEHHA UMX Npobaem NponoHyTbCA
TaKi 3axoAam, AK po3’AcHIOBanbHa poboTa, 0608’A3K0BI cniBbecign, opnaH-oLiHIOBaHHA Ta peTeNbHUIA BUBip 3aBaaHb. Bubip
nporpamHoro 3abesneyeHHs mae 6yTM CKOOPAMHOBAHUI MiXK Neparoramu, Wo6 3a6e3neunTu y3roaKeHicTb MeToAiB HaBYaHHS.

Kntoyoei cnoea — oceimHa mexHonoeis; 2ibpudHe HABYAHHA; eNeKMPOHHe HaBYAHHS; iHXeHepHa oceima; enekmpomex-
HiKa; 064ucneHHA; MamemMamu4He npo2pamyeaHHA.
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